Abstract. As a result of the magnetic cycle, the properties of the solar oscillations vary periodically. With the recent discovery of manifestations of activity cycles in the seismic data of other stars, the understanding of the different contributions to such variations becomes even more important. With this in mind, we built an empirical parameterised model able to reproduce the properties of the sunspot cycle. The resulting simulations can be used to estimate the magnetic-induced frequency shifts.
Introduction
For many years, the activity-related variations in the oscillation properties of the solar acoustic modes have been studied [1, e.g] and, more recently, such variations were detected in a solar-like CoRoT star [2] . However, the different processes contributing to those variations are not completely understood. We develop an empirical parameterised model able to reproduce the sunspot cycle. Among other applications, these simulations can be used to estimate the activity-related frequency shifts and thus the direct effect of spots on the oscillations.
Empirical sunspot cycle model and the spot-induced frequency shifts
In order to obtain reasonable simulations of the sunspot cycle, we base our model on observational constraints, such as the number of sunspot groups, the total area covered by spots, the group lifetimes, and their latitudinal distribution. At each time step, a given number of groups are formed and distributed in longitude and latitude. The latitudinal distribution of the generated groups considers the equatorward drift and the varying width of the sunspot formation zone over the cycle. Each group is assumed to follow the rotation of the solar surface according to its latitude and only groups in the visible side of the disc are considered. The maximum area of each group is obtained from the area distribution observed in the Sun. The group's lifetime is obtained from a modified version of the Gnevyshev-Waldmeier rule which accounts for a deviation from the linear relation between the maximum area and the lifetime for the smaller spots. The time evolution of the area of individual groups is also accounted for. Fig. 1 shows the results of a simulation obtained with our empirical model. The apparent agreement between real and simulated data is clear and was also verified with the Kolmogorov-Smirnov test. Based on the variational principle [3] , we derived a relation for the frequency shifts induced by the spots at each time (eq. 1). The relative frequency shifts depend on the phase shift induced by the spots on the acoustic wave (here we assume a fixed characteristic value, Δδ ch ), on the group areas, A i , and colatitudes, θ i , and on the angular degree, l, and azimuthal order, m, of the mode. Applying this relation both to simulations and to real sunspot data, we find that the observed frequency shifts must result from a combination of a smooth (possibly associated to global solar magnetic field) and a spot-induced component (Fig. 2 ).
Conclusions
Our empirical model is able to reproduce well the properties of the sunspot cycle. Concerning other solar-like pulsators for which less information is available, we intend to apply a simplified version of the model and then estimate the frequency shifts that may be expected for those stars. Our model has potentially other applications, such as in the study of transit and radial velocity signals for exoplanet search.
